Technology for virus multiplication has been greatly advanced since the establishments of the chick embryo culture method^and tissue culture method.2) These methods have contributed to progress in virology and vaccine preparation.
Many vaccines for virus diseases of human and domestic animals have been developed after Salk's success in preparing poliovaccine using primary culture of monkey kidney cells.3) Host cells need, however, serum components for their growth. The requisite of the serumused in host cell culture is that it is free from antibodies against the virus. In general, serum used in cell culture is derived from cattle. Therefore, in the case of multiplication of viruses that cause bovine diseases, it is necessary to avoid the use of serum derived from cattle infected with the viruses or injected with vaccines to the viruses. In addition, whenvaccination to different types of animals is repeated, serum components induce needless antigen-antibody reactions in a harmful way. The vaccines madefrom protein-free mediumdo not have any of these disadvantages.
Wereported that hamster lung (HmLu-1) cells could not only grow but also support multiplication ofAkabane virus in a protein-free DF (PF-DF) medium,40 as well as in DF medium supplemented with 10% new born calf serum.5) When HmLu-1cells are used as a host cell line, the problems that are attributable in serum as above may not be encountered. This paper deals with the multiplication of viruses that cause bovine diseases using HmLu-1 cells cultured in the PF-DF medium. mediumor that supplemented with 10%fetal calf serum (FCS, HyClone Laboratories). This FCS was confirmed to be negative for neutralizing antibodies against four viruses. The cells were inoculated in 35-mm dishes at 1 x 105cells/mlin thePF-DFmedium orat 7 x 104cells/ml in FCS/DF medium and cultured at 37°C in a humidified atmosphere of5% CO2/95% air for 2 days. After removing the culture medium, the cells were infected with the four viruses (M.O.I.= 10"2 OOTCID5O/cell) for 90min. After removing the virus solution, cells were rinsed with fresh PF-DF medium and cultured in the fresh PF-DF or FCS/DF medium. The cultured media were centrifuged at 180 xg for lOmin to remove cell debris. Virus titer of the clarified fluids was expressed as the 50% tissue culture infectious dose (TCID50), by the method of Karber.9) When HmLu-1 cells were infected with virus (Akabane virus, BEFV, or Ibaraki virus), 30% of the cells showed cytopathic effects (CPE) in the first 24hr and 50% of the cells at 48 hr after infection. At 72hr after infection, CPE was observed in the all cells, and they died. In the case of Chuzanvirus, spread ofCPEwas faster than other viruses and all cells had died by 47hr after infection. The courses of multiplication of the four viruses are shown in Fig. 1 . Akabane virus multiplied faster in the FCS/DFmedium than in the PF-DF medium for the first 24hr. The maximumvirus titer was, however, observed in the PF-D'F medium at 48 hr (Fig. 1A) . BEFVmultiplied a little faster in the PF-DF medium than in the FCS/DF medium (Fig.  IB) . Akabane virus and BEFVwere inactivated rapidly after reaching the maximumtiters and their host cells died. This tendency was greater in the PF-DF medium than the FCS/DF medium. These two enveloped viruses, especially Akabane virus, are extremely unstable at 37°C and acidic pHs.10) The viruses maynot able to exist in environments in which the host cells are dead. In the case of Ibaraki virus, the virus multiplied in the PF-DFmediumas fast as in the 10%FCS/DF mediumup to 24hr (Fig. 1C) . Since the virus was not inactivated and their titer plateaued when the host cells died, the virus may be stable in the environment. Chuzan virus multiplied to the maximum within 23 hr in both media, but its titers were much lower than those of other viruses (Fig. ID) . There results indicate that the four bovine viruses were able to multiply in the protein-free medium as well as in the FCS supplemented medium.
To compare the purities of BEFVpreparations obtained from the PF-DF and FCS/DF media, SDS-PAGE of partially purified BEFVwas done. BEFVmultiplied in HmLu-1cells for 36hr in the two media and cultured media were clarified by centrifugation at 4000xg for lOmin. The virus in the supernatants was precipitated in the presence of 8% polyethylene glycol 6000 and 2.3% NaCl, and then pelleted by centrifugation at 7000 x g for 20min. The pellet was resuspended in an NTEbuffer (pH 7.8) containing 0.13m NaCl, 0.05m Tris-HCl, and 1 him EDTA.The resuspended virus was finally purified in a 15 to 45% sucrose density gradient in a SW50.1 rotor (Beckman) at 28,000rpm for 90min at 4°C. The purified virus preparations were electrophoresed by SDS-PAGE (2/ig of protein in each lane). We used a low range of SDS-PAGE molecular weight standards (Bio-Rad Laboratories).
The SDS-PAGE gels were stained with a silver-staining kit (Wako Pure Chemicals). Figure 2 shows SDS-PAGEpatterns of partially purified BEFV obtained from the PF-DF (lane 3) and FCS/DF media (lane 2). BEFVhas six component proteins (L, G, N, NS, Ml, and M2).n) NS and Ml were clearly distinguishable in both virus preparations. There were few protein bands except BEFV proteins in the virus preparation obtained from the PF-DF medium, especially in the low molecular weight region. On the other hand, there were numerous contaminating proteins in BEFV prepared from the FCS/DF medium. Although the same purification procedure was done for the two BEFV preparations, the purity of BEFV obtained from the PF-DF medium was much higher than that obtained from the FCS/DF medium. This result indicates that PEG and sucrose density gradient methods are not sufficient for purification of BEFV obtained by the FCS/DF medium, and BEFVprepared in the PF-DF medium is easy to purify. Therefore, protein-free medium is better to multiply
